I -INTRODUCTION
The i n t r i n s i c r e a c t i v i t y of a metal s u r f a c e may be enhanced by a n applied e l e c t r i c f i e l d . This has been known f o r y e a r s mainly from f i e l d i o n i z a t i o n mass spectroscopic s t u d i e s . 1 Unfortunately, t h e s u r f a c e conditions i n many of t h e s e e a r l y s t u d i e s a r e not very w e l l defined, and processes i n v e s t i g a t e d a r e o f t e n complicated chemical reactions.
With t h e advent of t h e high v o l t a g e p u l s e operated time-of-flight atomprobe, s u r f a c e r e a c t i v i t i e s can now be studied w i t h atomically w e l l d e f i n e d , f i e l d evaporated surfaces.
Unfortunately t h e excessively high e l e c t r i c f i e l d needed f o r f i e l d d e s o r p t i o n w i l l f i e l d d i s s o c i a t e t h e desorbed s p e c i e s , and t h e d e t e c t e d s p e c i e s do n o t r e f l e c t t h e t r u e r e a c t i o n products of t h e surface. These d i f f i c u l t i e s can be l a r g e l y overcome by using t h e pulsed-laser atom-probe.2
Two types of pulsed-laser atom-probe have been developed i n our l a b o r a t o r y and both have been used t o s t u d y formation of H 3 and NH3 on metal surfaces. One of them i s t h e pulsed-laser imaging at0rn-~robe,3 which can simultaneously provide an i n s i t u time-of-flight mass spectrum and a time-gated f i e l d desorption image of a s e l e c t e d species.
I n t h i s study we use mainly t h e imaging atom-probe.
From time t o time w e r e s o r t t o t h e high r e s o l u t i o n system f o r c o r r e c t m a s s i d e n t i f i c a t i o n .
Our aim h e r e i s t o f i n d o u t t h e mechanism of formation of H3 and NH3, and a l s o the c o n d i t i o n s under which t h e observed desorption s p e c i e s w i l l t r u l y r e p r e s e n t t h e surf a c e catalyzed products and what s p e c i e s a r e t h e f i e l d induced a r t i f a c t s . The conc l u s i o n s a r e mainly derived from t h e f i e l d dependence, temperature dependence, and p r e s s u r e dependence of t h e r e l a t i v e abundances of t h e desorption s p e c i e s , and t h e s u r f a c e m a t e r i a l s p e c i f i t y .
FORMATION OF H? AND NHq
H~+ i s known t o e x i s t s i n c e J. J. Thomson's mass spectroscopic s t u d i e s . I n f i e l d i o n emission many i n v e s t i g a t o r s have observed H~+ and concluded t h a t i t i s a f i e l d and s u r f a c e induced product, o r i g i n a t e d from protruding s u r f a c e atoms i n t h e f i e l d range of 2.0 t o 2.5 v/A. H3 was however presumed t o be unstable i n f r e e space. Our study focuses on answering some i n t e r e s t i n g questions. F i r s t , under what c o n d i t i o n s , t h e n e u t r a l H3 i s l i k e l y t o e x i s t . Second, i s formation of H 3 dependent on t h e surf a c e m a t e r i a l and atomic s t r u c t u r e s . Third, what a r e t h e formation mechanisms of H 3 and H~+ .
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The s t u d y of H3 behavior a l s o prompted us t o look i n t o t h e formation of NH3 by i n t r oducing a d d i t i o n a l l y N2 i n t o t h e system. W e f i n d t h a t i n t h e presence of an H2-N2 mixed g a s , t h e pulsed-laser f i e l d d e s o r p t i o n mass spectrum c o n t a i n s NV ( n = l t o 3).
I n t h i s f i e l d i o n emission study, t h e experiment cannot be c a r r i e d out under the high temperature and h i g h p r e s s u r e conditions where i n d u s t r i a l ammonia s y n t h e s i s i s done. The q u e s t i o n of i n t e r e s t i s , however, what i s t h e formation mechanism of NH3 a t s o l i d surfaces.
Similar works have been done by some o t h e r a u t h o r s , but t h e i r r e s u l t s a r e not i n complete agreement. Here we r e p o r t a f i e l d i o n emission experiment, i n which we w i l l t r y t o s h e d some l i g h t on t h i s problem.
Some of our main r e s u l t s a r e l i s t e d below.
A.
Existence of H3+ from MO shows t h a t H3+ comes mostly from protruded s i t e s of t h e surface. These observations suggest two p o s s i b i l i t i e s . F i r s t , H3 molecules e x i s t i n a f i e l d adsorbed s t a t e only i n t h i s f i e l d range.
Second, i t may i n d i c a t e t h a t a1:hough H3 can e x i s t i n a wider f i e l d rznge, i t cannot be f i e l d ionized below 2.0 V/A, and cannot be d e t e c t e d above 3.0 V/A s i n c e H3 w i l l be f i e l d d i s s o c i a t e d i n t o H2+ and H+. At t h e low f i e l d l i m i t of d e t e c t i n g H3+, H3 may e x i s t i n an adsorption g t a t e of zome s u r f a c e s without a n applied f i e l d . A s h o r t range s u r f a c e f i e l d of 1 V/A t o 3 V/A always e x i s t s very c l o s e t o a metal s u r f a c e , and a n H3 may e x i s t i n an adsorption s t a t e on a rough s u r f a c e . We, however, cannot answer t h i s question unequivocally with t h e p r e s e n t experimental technique.
I n a high e l e c t r i c f i e l d of 2 VIA t o 3 v/L, t h e f i e l d induced dipole-dipole i n t e r a ct i o n between H2 and H amounts t o 0.04 eV t o 0.06 eV. H3 a r e t h e r e f o r e s t a b l e i n high e l e c t r i c f i e l d r e g i o n where a chemisorbed H and a f i e l d adsorbed H2 can bound tog e t h e r .4 B.
H3+: The mechanism of formation I n t h e temperature dependence study of H3+ formation, t h e t o t a l s i g n a l i n t e n s i t y , I F~+ H~+ + H~+ , a s w e l l a s H3+ s i g n a l i n t e n s i t y decrease w i t h i n c r e a s i n g t i p temperature. The r e l a t i v e abundance of H3+ i s almost constant below 120K, but decreases more r a p i d l y t h a n Kl' o r H2+ above 120K, a s shown i n Fig. 2 . This temperature dependence behavior of t h e r e l a t i v e abundance of H3+ a g a i n shows t h a t H~+ i s d e f i n i t e l y formed from f i e l d adsorbed H3, and t h a t i n pulsed-laser f i e l d desorption H3+ i o n s a r e formed by f i e l d i o n i z a t i o n of thermally desorbed H3 molecules above t h e c r i t i c a l d i s t a n c e of f i e l d i o n i z a t i o n . Further evidence has been found i n a study o f t h e dependence on t h e l a s e r i n t e n s i t y .5
C. H3: A s u r f a c e catalyzed and f i e l d enhanced product
The f i e l d dependence of t h e r e l a t i v e abundances of Kt, H~+ and H3+ from 20 t r a n s i t i o n abundance and r e l a t i v e abundance of H~+ as a f u n c t i o n of s u b s t r a t e temperature. The dec r e a s e i n t h e s i g n a l i n t e n s i t a t a f i e l d s t r e n g t h of 2.4 V/ = 10 X 10-~ Torr a thermal depopulation of t h e f i e l d adsorbed H3 molecules. 
TEMPERATURE (K)
metal s u r f a c e s has been studied.3 On some f c c metal s u r f a c e s , f o r example, N i , Cu, Ag, Ir and Rh, no H3 i s formed. The maximum o b t a i n a b l e r e l a t i v e abundances of H3 can be a s high a s 30% t o 40% f o r some hcp metals, and about 12% t o 20% f o r some bcc metals. Also t h e s e r e l a t i v e abundances of H~+ from metal s u r f a c e s have l a r g e r values f o r metals on l e f t hand s i d e of t h e p e r i o d i c t a b l e , while they have smaller values on r i g h t hand s i d e of t h e p e r i o d i c t a b l e . This m a t e r i a l s p e c i f i c i t y c l e a r l y demons t r a t e s t h a t H3 i s a s u r f a c e catalyzed product, but enhanced by t h e applied f i e l d .
D.
NH3: The mechanism of formation I n t h e presence of an H2 -N2 mixed gas, t h e NH, + ( n = l t o 3) peak can be detected only i n t h e f i e l d range from 1.2 v/I t o 2.5 v/I. The NH, , + peak i n c l u d e s a small amount of N+, N& and NH3+, and a l a r g e f r a c t i o n of N H~+ . Here u n l e s s otherwise s p e c i f i e d n i s 1 t o 3. The NH+ and N H~+ a r e t h e r e a c t i o n intermediates i n ammonia synthesis.6 NH3 molecules once formed w i l l be desorbed immediately, and only a few of them a r e i n f i e l d adsorbed s t a t e . Therefore t h e p r o b a b i l i t y of d e t e c t i n g NH3+ i s smaller i n pulsed f i e l d desorption. This a l s o shows t h a t NH3 i s not formed by t h e a p p l i e d f i e l d , but by a t r u e s u r f a c e catalyzed r e a c t i o n . NH2 molecules once formed, due t o t h e i r l a r g e r binding energy with t h e metal s u r f a c e than t h a t of NH3 molecules, w i l l s t a y on t h e surface. Thus i s more r e a d i l y d e t e c t e d i n pulsed l a s e r f i e l d desorption.
The r e l a t i v e abundance of N H ,~ and N~+ degends s t r o n g l y on t h e f i e l d s t r e n g t h , a s shown i n Fig. 3 . At a f i e l d above 1.7 V/A, e f f e c t i v e i o n i z a t i o n can occur f o r both NHn+ and N At low f i e l d , NH, may s t i l l be formed but cannot be detected. The det e c t e d NH,3+lomes from f i e l d adsorption s t a t e , o r from physical adsorption s t a t e .
A q u e s t i o n i s what i s t h e formation mechanism of t h e %+. When t h e p a r t i a l pressure of H2 -N2 mixed gas reaches 10-8 Torr, t h e number of chemisorbed atoms a l r e a d y satur a t e because of a f i e l d enhanced gas supply. The r a t e of formation of NH, , + cannot be f u r t h e r increased by i n c r e a s i n g t h e gas pressure. Once a n NH,,+ molecule i s formed, i t w i l l be bound t o an apex s i t e of a protruding s u r f a c e atom. Thus i t can be pulsedl a s e r f i e l d desorbed. On t h e o t h e r hand, t h e number of N2 i n f i e l d adsorption s t a t e w i l l i n c r e a s e n e a r l y l i n e a r l y with t h e p a r t i a l p r e s s u r e of N2 i n t h e mixed gas. Thus t h e r e l a t i v e abundance of NY,+ obsenred w i l l decrease w i t h i n c r e a s i n g gas pressure a s shown i n Fig. 4 . This conclusion i n d i c a t e s t h a t t h e NI+, i s formed from chemisorbed n i t r o g e n and hydrogen atoms. a f u n c t i o n of t o t a l g a s pressure. The relat i v e i n t e n s i t i e s of N%+ depend s t r o n g l y on the gas p r e s s u r e even f o r a given composition of t h e mixed gas. The amount of W+ d e t e c t e d , w i t h i n t h e m a t e r i a l s so f a r we have s t u d i e d , i n c r e a s e s according t o t h e sequence, N i X W < T i 3 Ta << CO < Fe.
Although NH, , + can be found from a l l t h e above metal s u r f a c e s , s u b s t a n t i a l amounts of %+ a r e obtained only from CO and Fe surfaces. The above sequence agrees f a i r l y w e l l with the known c a t a l y t i c a c t i v i t y of metals i n ammonia synthesis. A s l i g h t discrepancy may be due t o t h e very low temperature of our experiment, o r may be due t o t h e e f f e c t of t h e applied f i e l d . I n t h i s experiment the applied f i e l d i s already cons i d e r a b l y lower t h a n most o t h e r f i e l d i o n emission experiments. Our observed i s a s u r f a c e catalyzed product, but may a l s o be promoted by t h e applied f i e l d .
No NH, + i s observed below 50K. NHn+ s i g n a l i n t e n s i t y appears when t h e temperature i s r a i s e d gradually. The N H~+ s i g n a l i n t e n s i t y i n c r e a s e s r a p i d l y and becomes a dominant one when t h e s u r f a c e temperature i s r a i s e d above 120K. The temperature dependence of NZ+ and NH, + a r e shown i n Fig. 5 . Above t h i s temperature, besides NH,+ and NZ+ mass l i n e s , a d d i t i o n a l mass l i n e s of mass 23 t o 84 a r e observed. They a r e t e n t a t i v e l y i d e n t i f i e d t o be (NH,.,)2+, Fe (NH,)*, n=2,3, FeN2+ o r N3+, Fe+, Fe$ and FeN2+, res p e c t i v e l y . 
